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Abstract
The purpose of the present study was to investigate the learning effect of a game-based learning system that was developed by 
location based and mixed reality technologies. A treasure hunt game was designed for learning chocolate related knowledge. 477
students participated in the study. The mean correct rate was analyzed by ANOVA with the studied factors used as between-
subjects factors. The results indicated that the mean correct rates after the participants exploring the learning system were
increased for each gender, age, department, and class group, respectively. Especially, the female participants demonstrated more 
visible learning effects than the male participants. It suggested that combined location based and mixed reality technologies can 
further realize the teleprescens of virtual reality, and added in game-based designs can raise the learning interests and learning 
effects.
© 2015 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of AHFE Conference.
Keywords: Location based; Mixed reality; Learning effects
* Corresponding author. Tel.: 886-2-82093211#6700.
E-mail address: jldo@mail2000.com.tw
 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of AHFE Conference
1604   Ji-Liang Doong et al. /  Procedia Manufacturing  3 ( 2015 )  1603 – 1607 
1. Introduction
Digitalization has become a very natural part of the young people in their daily lives. Many organizations have 
tried to create virtual learning environments to stimulate learning. The virtual world gets people immersed in the 
realistic environment, which led to the opportunities for fulfilling, experiencing, and game-based learning [1]. The 
technology of virtual reality integrates immersion, interaction, and imagination (i.e., 3 Is) in the virtual world [2]. 
However, to create modern technology-based virtual learning environment experience, it needs teleprescens that 
combine the immersive and interactive elements [3]. One requirement of such telepresences is that the user 
expectations for the environment must be fairly closely in line with the real environment of conventional [4]. 
Applying location based technology can further enhance the telepresence.
The software program of the game-based virtual learning follows the rules of game design. Nevertheless, its 
purpose is not only for entertainment [5]. It uses the characteristics of video and computer games to create attractive 
and immersive learning experience, in order to achieve specific learning objectives [6]. In addition to the four 
important features (i.e., gameplay, feedback, interface, and challenge) of a good game [5], the design of a game-
based learning needs to further consider the realism of the game, the opportunities of exploring and finding new 
information, and the meaning of learning controls [6].
The purpose of the present study was to investigate the learning effect of a game-based learning system that was 
developed by location based and mixed reality technologies. To include the ideas of exploring and finding new 
information in the system, a treasure hunt game was designed. The treasure hunt game is also a popular genere in the 
current video games. In the present study, the chocolate related knowledge was designed as the learning objective.
2. Methods
2.1. Participants
The participants were recruited from the campus of Lunghwa University of Science and Technology. There were 
477 students participated in the study. All the participants are familiar with computer and internet operations, and 
have experiences in playing games. Among the participants, 70.65% was females and 29.35% was males. They were 
from four departments, accounting for 32.49%, 16.56%, 20.55%, and 30.40% respectively. 97.48% of the 
participants were not older than 22 years old. And, 89.31% of the participants were students of day classes. The 
participants distributions by gender, age, department, and class were shown in Figure 2.
2.2. Apparatus
One focus of the present study was a location based mixed reality game. The virtual game world was located at 
the real location of a chocolate factory. The Google map was used as the search interface to find the location of the 
chocolate factory. The Google street views were used to create the real environments which the virtual game world 
mixed into. At the surrounding of the virtual game’s entry point in the real environments, several knowledge access 
points were designed, the information may be presented as video animations, texts, or videos. Unity 3D was used to 
develop the game world. The overview of the designed game world was shown in Figure 1 (a). In the present 
treasure hunt game, there were a non-character player (NPC) (Figure 1 (b)) and some props to be the access points 
of chocolate related knowledge. The player needed to interact with the NPC (Figure 1 (c)) and to find out the props 
(Figure 1 (d)) to get chocolate related knowledge (Figure 1 (e) (f)).
A questionnaire of 10 items associated with chocolate knowledge was used to evaluate the learning effect. The 
items included, such as, the management of cocoa trees’ greenhouse, the environmental requirements of cocoa trees, 
and so on. Each item has an only one correct answer.
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Fig. 1. Example screen shots of the treasure hunt game. 
2.3. Experiment design
First, the participants were instructed to access and log in the learning systems. The instructor briefly described 
the probably helpful resources in the learning system, such as the video animations, text information, and games. 
The descriptions were avoided to be too specified to limit the participants’ abilities to explore. Then, the participants 
were instructed to perform a questionnaire of chocolate related knowledge. After that, the participants were required 
to get into the learning system to explore themselves. At final, the participants conducted the questionnaire again. 
The experiment took 90 minutes.
2.4. Statistic analysis
In the present study, the correct rate was used as the measurement of the learning effect. Each participant’s 
answers in the questionnaire were calculated to be his or her correct rate. The mean correct rate was analyzed by 
ANOVA with the studied factors used as between-subjects factors. The studied factors included gender, age, 
department, class, and their interactions with the test number. Statistical analyses were performed using the 
Statistical Package for the Social Sciences (SPSS) version 22.
Table 1. ANOVA results for the learning effect.
Factors Ȟ1 )Ȟ1, 914) p
Test number 1 4.986 0.026
Gender 1 4.154 0.042
Age 1 13.242 0.000
Department 3 3.491 0.015
Class 1 5.341 0.021
Gender × Test number 1 5.473 0.020
Age × Test number 1 0.024 0.876
Department × Test number 3 0.914 0.434
Class × Test number 1 0.224 0.636
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Fig. 2. Mean correct rate by studied factors.
3. Results
The mean values of correct rate by gender, age, department, and class were shown in Figure 2. The mean correct 
rate was 0.3816 before the participants explored the learning system and 0.4617 after the participants explored the 
learning system. The standard deviation of Before/After is as followings. (a) Gender: 0.1366/0.1540 for male and 
0.1397/0.1420 for female. (b) Age: 0.1374/0.1465 for age ̰ 22 yr. and 0.1642/0.1302 for age > 22 yr. (c) 
Department: 0.1387/0.1537 for Dept. A, 0.1370/0.1385 for Dept. B, 0.1426/0.1556 for Dept. C, and 0.1346/0.1414 
for Dept. D. (d) Class: 0.1410/0.1448 for Day and 0.1205/0.1626 for Night. The results of ANOVA test were shown 
in Table 1. As can be seen in the Table 1, there were significant main effects of test number, gender, age, 
department, and class on mean correct rate (p<0.05). The interaction term of gender and test number also reached 
statistical significance on mean correct rate (p<0.05).
As can be seen in Figure 2, the mean correct rates after the participants exploring the learning system were 
increased for each gender, age, department, and class group, respectively. The mean correct rate was lower for the 
females (0.3769) before they explored the learning system than that for the males (0.3929); however, the mean 
correct rate was higher for the females (0.4739; males: 0.4323) after they explored the learning system. The female 
participants demonstrated more visible learning effects than the male participants. Moreover, the mean correct rate 
was higher for the participants over 22 years old, for the participants of department C, and for the participants of day 
classes than for their counterparts. Therefore, the mean correct rates were different by test number, gender, age, 
department, and class. However, as shown in Figure 2, the mean correct rates were not good enough for both tests.
Additionally, in the present study, it was found that the participants used far more times in the game world than 
others sources designed in the learning system.
The results in the present study revealed that combined location based and mixed reality technologies can further 
realize the teleprescens of virtual reality. Adding in game-based designs can raise players’ motivations to find out 
how to solve the real problems in the virtual learning environments. Then, they can utilize the achieved knowledge 
[7]. Although the learning results were not good enough in the present study, the learning effect was positive. The 
learning results can be improved by revising the game designs, such as more smooth interaction designs and more 
simplified information. As indicated in the present study, the game-based learning is highly attractive for the young 
people, not only through the creation of fun in the process, but also providing an incentive teaching environment. 
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However, the learning effect showed individual differences. To include such differences in the game-based learning 
system merits for future studies.
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